A novel origin for pelvic serous cancer (ovarian cancer) has been proposed in the distal oviduct. This has important implications, including both early detection in high-risk women and wisdom of relying on serological tests to detect a disease that begins so close to the peritoneal surfaces. With the recent discovery of premalignant disturbances in gene function in the tubal mucosa, the concept of targeted prevention is emerging whereby the interruption of a portion of the carcinogenic pathway will prevent cancer. This alternative to detect early malignancy is a new paradigm in the quest to prevent this deadly disease.
Introduction
Epithelial ovarian cancer consists of a range of tumor types that can be distinguished by their molecular pathogenesis, likely site of origin and risk factors. [1] [2] [3] The fundamental parameter that pervades the management of these tumors is the extent of disease when diagnosed. 4 Stage imposes an overwhelming impact on outcome, and traditionally, whether the tumor was classified as a serous, endometrioid, or mucinous carcinoma, the outcome would depend on the extent and response to chemotherapy. Recently, there has been an expanding literature focusing on an origin in the oviduct, which has injected new life into what had been a stagnant discussion of the pathogenesis of particularly high-grade malignancies. 5, 6 The obvious questions that arise are (1) the impact of this new information on management and (2) its relevance to ongoing efforts to prevent this disease. This discussion will focus on 3 attributes of this concept. First, it will address the evidence and caveats regarding origins of epithelial ovarian cancer; second, it will outline the potential immediate benefits of this new information in terms of improving patient care; third, it will address the concept of ''targeted prevention,'' in which new information on the site of origin influences future efforts to lower the incidence rate of this disease.
Causality

THE BRCA+ MODEL AND SEROUS TUBAL INTRAEPITHELIAL CARCINOMA (STIC)
Historically, primary fallopian tube malignancies have been viewed as uncommon relative to conventional ovarian carcinomas, and some estimates have placed the oviduct as nearly 50 times less common to be the initiating site. 7, 8 Part of this disparity was attributed to the stringent criteria for the diagnosis of a primary tubal malignancy. Criteria include the presence of a dominant tumor mass in the fallopian tube plus a tubal intraepithelial carcinoma (TIC). Tumors fulfilling this requirement were uncommon, with an estimated incidence is 0.41 per 100,000. 8 In retrospect, the reason for both the lack of frequency and this particular presentation was the need for both a tumor arising in the endosalpinx and fimbrial adhesions, which effectively barred the tumor from exiting the fallopian tube. This guaranteed that the tumor would carry out the initial stages of its natural history within the tubal lumen.
In the population carrying BRCA1 or BRCA2 mutations (BRCA+ ), most symptomatic serous carcinomas are designated as ovarian in origin according to the traditional method of primary site assignment mentioned above. However, examination of prophylactically removed fallopian tubes and ovaries has made it possible to intercept these tumors early in their course. Thus, pathology exams have shown that a large number of early serous carcinomas involve the fallopian tube, either as an invasive or intraepithelial carcinoma. Between 57% and 85% of these cases have exhibited involvement of the fimbriated end of the fallopian tube or its immediate vicinity (Table 1) . [10] [11] [12] [13] These observations have increasingly focused attention to the distal fallopian tube as an initiating point for highgrade serous malignancies.
In the fallopian tube model, STIC is the earliest morphologic manifestation of serous carcinoma. STICs are composed of ''secretory cells,'' the nonciliated population of the endosalpinx. These cells, when neoplastic, exhibit 3 important features: (1) variable stratification; (2) increased nuclear cytoplasmic ratio; and (3) loss of nuclear polarity, often with intraepithelial fractures or detached microclusters of cells in the tubal lumen. Most but not all STICs will show strong nuclear staining with antibodies to p53 and an increased proliferation index (MIB-1) compared with the background tubal epithelium. 14 
TICs, OVARIAN, AND PERITONEAL SEROUS CANCER
The association of STIC with BRCA+ status supports the concept that this entity is the more common early malignancy in women with this genetic risk factor. The obvious question is whether pelvic serous carcinomas without a documented history of a mutation in the BRCA genes initiate in the oviduct. Several studies, beginning with the report by Kindelberger and colleagues, have confirmed this hypothesis. Kindelberger et al 15 showed that 47% of tumors classified as serous ovarian carcinomas coexisted with a STIC. Carlson et al 16 similarly showed that complete examination of the fallopian tubes in women with primary peritoneal serous carcinomas disclosed a STIC in 47% of patients. In both studies, p53 mutation analysis in the STICs and remote tumors disclosed the same mutations, genetically linking the two. Moreover, a recent study from another group that examined paired STICs and remote tumors supported a genetic link between the 2 by examining anomalies in chromosomal number. 17 A fourth study by Roh et al 20 computed a slightly lower frequency of STIC in ovarian carcinomas (36%; Table 2 ). Two additional studies have computed frequencies of STIC between 33% and 64% of pelvic serous cancers. 18, 19 The possibility that STIC represents the earliest phase of all pelvic serous carcinoma must be viewed critically, given the lack of unanimity over the frequency of STIC in these tumors even in studies that systematically examine the fallopian tubes of women with pelvic serous cancer. Irrespective of how one views the pathogenetic significance of STIC, it is the earliest known malignant alteration in most BRCA+ women. The question is whether other mechanisms that have yet to be characterized fully are involved. STIC has also been shown to correlate inversely with another parameter used to estimate site of origin, which is the presence (or absence) of a dominant ovarian mass. A dominant mass is frequently found in endometrioid adenocarcinomas of the ovary, which are presumed to arise in endometriosis. As would be expected, endosalpingeal involvement by these tumors is uncommon and tubal intraepithelial carcinoma rare. A recent report showed a significant inverse relationship between a dominant ovarian mass, defined as a 2-fold greater difference in the greatest dimension of the ovarian tumors, and both endosalpingeal involvement and STIC. 20 The issues of both dominant mass and STIC are entwined with site of origin and tumor type. It is now accepted that the distinction of a high-grade serous and high-grade endometrioid carcinoma cannot be reliably made, both on histologic examination and immunohistochemistry; both are strongly associated with WT-1, p53, PAX2, and p16 immunostaining, markers of serous carcinomas. 20,21 A tumor mass that predominates in 1 ovary, particularly a serous carcinoma, does not guarantee origin in that organ (spread from contiguous disease in the tube or peritoneum cannot always be excluded), nor may a STIC guarantee a tubal primary in the setting of massive tubal and ovarian involvement. However, such associations do raise the possibility of both ovarian and The most compelling concept is therefore not whether all high-grade serous carcinomas come from the oviduct, but the existence of a carcinogenic sequence in the oviduct that can be quantified and studied. Following on early reports of foci of p53 immunostaining in the oviducts of women with BRCA1 or BRCA2 mutations, a series of studies have characterized an intramucosal abnormality that fulfills many of the criteria for a serous cancer precursor, termed the ''p53 signature'' ( Fig. 2 ). 22, 23 This observation has underscored the significance of p53 mutations in the pathogenesis of pelvic serous carcinoma and the earliest malignant change, the STIC. The striking aspect of this phenomenon is its concentration in the oviduct rather than the ovary. Hutson et al 24 (Fig. 1 ) identified p53-immunopositive ovarian cortical inclusion cysts in women with ovarian cancer and speculated that these were precursor lesions. Barakat et al 25 performed a similar analysis of ovaries from women with BRCA mutations who were undergoing risk-reducing surgery, but found none. Recently, Folkins et al 26 confirmed the findings of Barakat and colleagues, reporting only a single focus of p53-positive ovarian surface epithelium in 75 cases analyzed from this population. Studies of the fallopian tubes have been more revealing.
Prior studies had shown that serous carcinomas were imbued with secretory cell characteristics and Piek et al 22 noted that the p53-positive cells that they observed were secretory in type. Lee and colleagues confirmed this and noted further that the p53 signatures were most common in the fimbria, a site that Cass et al and several others had confirmed to be the dominant site of origin for tubal carcinomas. 23, 27 Moreover, Lee et al linked p53 signatures to expression of g-H2AX, which localizes to areas of DNA damage, and p53 mutations. In addition, they noted that the p53 signatures were equally common in women with and without known heritable BRCA1 or BRCA2 mutations, being present in approximately one-third of each group. This finding strongly suggested that the initial events of serous carcinogenesis-DNA damage of secretory cells and p53 mutations-were influenced by factors not directly related to heritable BRCA mutations.
The possibility that a ''generic'' precursor to pelvic serous carcinoma arose in the tube was strengthened further. BRCA+ women were segregated into those with and without p53 signatures. The former group had a significantly older age of first birth and lower parity and factors associated with higher lifetime ovulation events that segregate with ovarian cancer risk. 28, 29 Two additional observations further strengthened the relationship between p53 signatures and pelvic serous carcinoma (Table 3) . First, p53 signatures are sometimes seen in continuity with intraepithelial carcinomas and can share common p53 mutations. 16, 23 This is the most physically compelling evidence that the p53 signature precedes STIC. Second, intermediate lesions or ''tubal intraepithelial lesions in transition,'' in which p53-positive epithelium displays a higher degree of proliferative activity but falls short of malignancy, have also been described ( Fig. 2 ). 14 Together this body of evidence indicates that an important precursor to pelvic serous carcinoma resides in the distal fallopian tube and that it is the earliest lesion in a continuum of the tubal serous carcinogenic sequence ( Fig. 1 ). Studies have continued to characterize this entity, using both cell culture and other models to establish a link between DNA damage, the tubal secretory cell, and the p53 mutations that characterize early serous carcinogenesis and further refine the differences between precursors and early intraepithelial carcinomas (Figs. 2, 3 ). 30 The Oviduct and Ovarian Cancer 27
SECRETORY CELL OUTGROWTHS (SCOUTs) AND THE CONCEPT OF A ''SURROGATE PRECURSOR''?
Recent studies have focused increasing attention to the precursor conditions that predate malignancies. Examples include microadenomas of the colon (colon cancer), pancreatic intraepithelial neoplasia (pancreatic carcinoma), and prostatic intraepithelial neoplasia (prostatic cancer). [31] [32] [33] Common features of these models include a relatively high frequency of the precursor in the general population, accumulation with age and a higher than expected prevalence in patients with malignancy. The p53 signature fulfills these criteria; however, it signifies a specific defining molecular event, the p53 mutation and the multigene theory of carcinogenesis requires additional events (Lee). 34, 35 There is now evidence that a series of events, separated in both space and time, occur in the fallopian tube and can be appreciated in discrete possibly clonal phenomena similar to p53 signatures. These entities are termed SCOUTs. [36] [37] [38] [39] Like p53 signatures, SCOUTs often harbor loss of PAX2, ALDH1, and other gene dysfunctions (Ning PC). Unlike p53 signatures, SCOUTs do not contain p53 mutations and are distributed throughout the fallopian tube. 37 This speaks to the notion of separation in space and time and designates the SCOUT as a ''surrogate precursor'' that signals some of the alterations in gene function that, when combined with p53 mutations in the distal tube, characterize the direct precursor (p53 signature). As indirect precursors or surrogate precursors, SCOUTs provide an important window into the plethora of molecular events that may precede malignancy. They will be discussed further in the last segment of this chapter.
Clinical Implications
This segment examines the practical issues faced by the caregiver who is caring for a woman at risk for or with a diagnosis of high-grade ovarian cancer.
The first involves the processing and interpretation of fallopian tubes from risk-reducing salpingo-oophorectomies (RRSOs). The second concerns classification of pelvic carcinomas. Prophylactic salpingo-oophorectomies from women with mutations in BRCA or strong family histories of ovarian carcinoma should be submitted entirely and examined histologically. Most of the early cancers described in the preceding sections occur in grossly unremarkable specimen; therefore, it is imperative that all the tissue be evaluated in order to confirm or exclude an early carcinoma and advise the patient as to their risks.
The fallopian tubes and ovaries should be submitted entirely and be evaluated in serial sections by a pathologist with expertise in gynecologic malignancies. At Brigham and Women's Hospital, the goal is to ensure sectioning and extensive examination of the fimbria (SEE-FIM protocol), because the majority of early serous tumors occur in this area, which is as follows:
The entire tube is initially fixed for at least 4 hours to minimize loss of epithelium during manipulation. The distal 2 cm of the fimbriated end is transected. The fimbrial mucosa is sectioned longitudinally into as many sections as practical. The remainder of the tube is sectioned a 2-to 3-mm intervals. The tubal segments combined with the fully sectioned fimbriated end are submitted in toto. 40 Recent studies show increased rates of detection (from <2.5% to 17%) with more thorough sectioning. 41 Thus, protocols for examining the fallopian tubes in genetically susceptible patients will continue to evolve. If an area of concern is encountered, it can be evaluated by further serial sections.
ROUTINE ANALYSIS OF FALLOPIAN TUBES IN SURGERIES FOR BENIGN DISEASES
The routine analysis of the distal fallopian tube in salpingectomies from benign disorders will occasionally uncover an early (intraepithelial) carcinoma in that site. The detection of these rare but early cancers will permit both a thorough workup of the patient for metastatic disease and in the right setting, a rationale for genetic testing, which if positive could benefit others in the family. 42, 43 If the clinician wishes to pursue this policy, they should discuss with their pathologist the most reasonable way to submit and examine the distal one-third of the fallopian tube in routine hysterectomies.
SYSTEMATIC ANALYSIS OF FALLOPIAN TUBES FROM WOMEN WHO ARE DEEMED AT RISK FOR OVARIAN CANCER (THOSE WITH KNOWN INHERITED MUTATIONS IN THE BRCA1 OR BRCA2 GENES)
RRSO should be reserved for women with known mutations in BRCA 1 or 2 or who have a family history consistent with one of the genetic syndromes associated with ovarian cancer and should include an evaluation by an genetic counselor. Bilateral salpingo-oophorectomy in women with BRCA mutations reduces the risk of an eventual pelvic cancer by>90%. 44 Prophylactic surgery, while effective, does not completely eliminate the long-term risk of pelvic cancer in high-risk individuals, the risk being approximately 4-5%. 45 It is imperative that patients be informed that prophylactic surgery does not completely protect them against the subsequent development of papillary serous carcinoma of the peritoneum. They should also be warned that about 8% of prophylactic operations detect occult ovarian or tubal carcinoma and that these lesions may not be appreciated until final pathology reports are available ( Table 1) . Pathologists should be instructed to submit the entire specimen for sectioning, so as to reduce the risk of missing a microscopic occult malignancy. Finally, the patient should be prepared for the consequences of surgical menopause.
In recent studies of women undergoing prophylactic salpingo-oophorectomy for BRCA1 or BRCA2 mutations (BRCA+), the risk of uncovering an early 30 Crum et al www.clinicalobgyn.com cancer has been estimated at from 4% to 17% averaging 8%, a figure that may vary both as a function of the age of the population and the thoroughness with which the specimen is examined. [9] [10] [11] [12] [13] From 57% to nearly 100% of these early cancers have been identified in the distal fallopian tube, the earliest malignancy being a TIC (Table 1) . With this figure in mind, the following points must be stressed: 1. Early malignancies can be both serous (STIC, 80%) and endometrioid (endometrioid TIC, 20%). 13 2. Twenty percent of these early serous cancers are not associated with an intraepithelial lesion in the fallopian tube; more extensive tubal sampling might uncover some, but most of the time it will not. 41 3. Advanced pelvic serous cancers in BRCA+ women are virtually identical in tumor distribution to the general population with this disease (ie, less than half will have evidence of a tubal origin). 46 Although it may be tempting to attribute this to obliteration of the tubal mucosal origin by expanding tumor or some other sampling artifact, the reader is strongly cautioned that salpingectomy alone may not rid the patient of risk and leaving the ovary might even place them at a substantial risk of an eventual pelvic serous cancer (Table 2 ). 4. Prophylactic specimens from women with a family history of cancer but without a documented BRCA mutation are unlikely to contain an early malignancy. 47 Virtually all of the genetically related pelvic serous cancer is linked to BRCA+ . 5. TICs are rarely reported in fallopian tubes removed as part of surgery for nonmalignant and nonprophylactic reasons.
PITFALLS IN HISTOLOGIC INTERPRETATION
As a consequence of the increasing surgical practice of prophylactic salpingo-oophorectomy for women with BRCA1 or BRCA2 mutations, more and more serous carcinomas are being discovered in the fallopian tube and at an early stage. In applying histologic criteria, the pathologist must be aware that the oviducts of these high-risk women may contain proliferations that are noticeable yet fall short of malignancy. Key to this approach is focusing on specific histologic parameters, such as both cellular atypia and loss of polarity, getting a second opinion if there is a question of the diagnosis, and using ancillary staining for p53 and MIB1 to support the diagnosis. The advice to patients with lesions of uncertain malignant potential should be the same as those with a noninvasive STIC. The patients should be advised that the risk of recurrence is low but not ''baseline,'' that is, the risk of 4-5% is approximately 4-fold higher than the general population. 44, 48 
HIGH-GRADE MÜ LLERIAN CARCINOMAS
Excepting the RRSO, the pathologist will usually encounter serous cancer when it is advanced in the symptomatic patient. In this setting the following issues are relevant: High-grade endometrioid adenocarcinomas are synonymous with highgrade serous carcinomas. 20, 49 Some pathologic features are more common in high-grade carcinomas associated with BRCA1 or BRCA2 mutations. 50 Occasional serous carcinomas in the endometrium may have a tubal origin.
Targeted Prevention
Targeted prevention can be viewed in 3 contexts.
INTERCEPTING EARLY MALIGNANCY
The first pertains to intercepting a serous cancer precursor before it metastasizes to the peritoneal surfaces. In this model, a STIC will persist for a period of
The Oviduct and Ovarian Cancer 31 time before spreading, yet be detectible through exfoliative cytology or imaging. This is a concept that is being investigated but depends on the exploitation of nanotechnology and novel detection methods that are noninvasive. Unanswered question in this regard include the following: How long is the interval from STIC development to peritoneal spread? If STIC is a potential target for early detection, it must be present in a localized phase for a long enough period to permit early and maximize the efficacy of biomarker detection strategies. Although on the basis of few cases, there is evidence that removal of these early cancers in BRCA+ women is effective. 16 Are early serous cancers more curable than advanced malignancies? Even if TICs have spread to the peritoneum, the earlier phases of spread may be associated with a tumor biology that is more treatable. This remains to be determined but is a logical argument and merits study. Could STICs be detected by imaging or biomarker surveillance? At this point, imaging methods are not sufficiently sensitive to detect a few cell layers of proliferating cells in the distal fallopian tube, although these early tumors can be visualized. 51 Nevertheless, there is interest in the concept of biomarker detection, even if oriented to proof of principal studies in which peritoneal washings or tubal lavage specimens are analyzed for biomarkers that reflect the presence of these small tumors.
As Figure 1 shows, the fallopian tube may harbor significant (detectable?) atypias for an interval of time before the development of metastatic disease.
REMOVING THE FALLOPIAN TUBE IN BOTH HIGH-RISK AND LOW-RISK WOMEN
The second context is one of removing the organ at risk. Currently, there is a grounds well of interest in the routine removal of the oviducts from women who no longer intend to procreate. The established scenario is one in which a woman at genetic risk undergoes salpingo-oophorectomy after completing childbearing, ideally by age 40. One variation on this theme is to retain the ovaries and remove only the fallopian tubes. This is considered risky by some but may be pursued by individual women who are willing to take the risk. In another scenario, women who are not at increased risk would undergo salpingectomy at the time of routine hysterectomy. 52 This will form a cohort of women who can be followed to determine if their risk of ovarian cancer is altered by this procedure and if so, how much. A corollary of this will be information from these cases to determine the precise frequency of early tubal cancer. If such cases are detected, it will be possible to determine whether the risk of a BRCA1 or BRCA2 mutation is higher and if so, whether it will impact on management by other family members (http:\\www.pointproject.org). The ultimate question, and one that has yet to be fully answered, is the percentage of high-grade ovarian cancers that have their origins in the oviduct. As illustrated in Table 2 , an appreciable percentage of pelvic serous cancers in all studies cannot be attributed to the fallopian tube based on histopathologic analysis alone. This has implications for the origin of these tumors, the direction of research, and the expectations from prophylactic salpingectomy or fimbriectomy.
IDENTIFYING AND INTERRUPTING VULNERABLE PATHWAYS TO SEROUS CANCER
This question brings us back to the concept of SCOUTs, which are emblematic of early functional gene disturbances that presumably are a component of risk factor accumulation. At this point, it is clear that the frequency of gene dysregulation rises as a function of age and increases further in women with malignancy, as seen in not only the oviduct but multiple organ systems. It is reasonable to assume that interruption or correction of one or more of these pathway disturbances will reduce the risk of ovarian cancer. Indeed, the success of tubal ligation, pregnancy, and oral contraceptives in reducing the ovarian cancer risk could very well be a function of their impact on one of the components of the serous carcinogenic pathway (eg, oviducts from pregnant women are devoid of SCOUTs). Ultimately, it will be important to determine not only the events that transpire in the transition from a p53 signature to a TIC, but also the collection of functional gene alterations that precede this transition ( Fig. 3 ). Hidden within this series of seemingly random, age-related genetic or epigenetic disturbances could be critical events, the interruption of which could prevent ovarian cancer.
